














































































































parameters	 (the	 leakage	 current	 (ILEAK),	 the	 TLP	 current	 (ITLP),	 the	 TLP	 voltage	 (VTLP),	 the	 TLP	
resistance	 (RTLP))	 and	 the	 correlation	 of	 these	 with	 parameters	 extracted	 by	 means	 of	 their	
electrical/optical	characterisation,	namely:	(i)	the	charge	mobility,	the	threshold	voltage	(VTH)	and	
the	on/off	ratio	of	OFETs;	(ii)	the	current	density	(Jsc),	the	open-circuit	voltage	(Voc),	the	fill	factor	
(FF)	and	the	power	conversion	efficiency	(η)	of	OPVs;	 (iii)	 the	turn-on	voltage	(Von),	 the	external	
quantum	efficiency	(EQE)	and	the	EL	maximum	wavelength	emission	(λmax)	of	OLEDs.		





cosmic	 rays.	 Interestingly,	 the	 results	 in	 this	 thesis	 reported	point	out,	 in	most	of	 the	 cases,	 an	
excellent	robustness	of	these	devices	to	both	ESD	and	cosmic	rays	stress.	In	fact,	whilst	technology	
silicon-based	is	found	to	suffer	a	permanent	failure	in	most	of	the	cases	for	an	applied	TLP	power	
lower	 than	 400	W,	 polymer-based	 technology	was	 found	 to	withstand	 up	 to	 800	W	 (OPVs	 and	
OLEDs)	without	suffering	permanent	damages.	As	regards	the	stress	correlated	to	the	same	dose	of	
	 6	
neutrons	 irradiation,	 optoelectronic	 devices	based	on	 inorganic	 semiconductors	 suffer	 of	 a	 90%	




devices	along	with	a	qualitative	description	of	 the	effects	on	 the	organic	materials	within	 these	







































































































































































































































































































































































































































































































































Conjugated	 polymers	 (CPs)	 have	 been	 captivating	 attention	 since	 their	 discovery,	 back	 in	 1977.	
Undoubtedly,	one	of	the	major	breakthrough	came	thanks	to	the	finding	of	the	possibility	of	doping	
conjugated	polymers[1],	[2],	and	thus	indicating,	among	all	the	possible	applications,	a	particular	
suitability	 as	 active	 materials	 in	 light-emitting	 diodes	 (LEDs),	 thin	 films	 transistors	 (TFT)	 and	
photovoltaic	diodes	(OPVs).	Despite	the	relatively	poor	performances	in	comparison	with	inorganic	
based	devices,	many	advantages	arise	thanks	to	CPs[3]–[6].	 In	 fact,	 they	can	be	processed	using	








electronic	 circuits	 the	 characterisation	 of	 the	 response	 to	 ESD	 phenomena	 and	 the	 design	 of	
protections	are	well	established	procedures	since,	if	interested,	devices	can	easily	be	destroyed	by	
such	 events[14]–[16].	 Surprisingly,	 the	 characterisation	 of	 organic	 devices	 with	 respect	 to	 ESD	
events	has	received	little	attention	so	far	in	the	literature.	Besides	ESD	events,	another	damaging	












of	 P3HT	 (Poly(3-hexylthiophene-2,5-diyl))	 and	 PBTTT	 (Poly(2,5-bis(3-hexadecylthiophen-2-
yl)thieno[3,2-b]thiophene))	OFETs,	of	P3HT:PCBM	([6,6]-Phenyl-C61-butyric	acid	methyl	ester)	bulk	
heterojunction	 OPVs	 and	 of	 F8BT	 (Poly(9,9-dioctylfluorene-alt-benzothiadiazole))	 OLEDs;	 ii)	 the	
neutron	 hardening	 of	 P3HT	OFETs	 and	 P3HT:PCBM	OPVs.	 Although	many	works	 related	 on	 the	
characterisation	of	aforementioned	devices	can	be	found	in	literature,	the	research	activity	in	this	
thesis	reported	establishes	a	novel	characterisation	approach	for	these.	
Importantly,	 I	observed	that	 the	response	to	ESD	phenomena	changes	according	to	 the	working	
condition	of	the	devices.	For	instance,	the	response	to	ESD	phenomena	of	an	OFET	working	in	the	
saturation	regime	is	different	from	the	response	of	the	same	OFET	tested	in	correspondence	of	“off”	
state	 condition	 (gate-closed).	 Analogously,	 OPVs	 show	 different	 ESD	 responses	 in	 illumination	






such	 as	 the	 maximum	 current	 they	 can	 sustain	 before	 occurring	 into	 a	 failure,	 the	 overall	




knowledge,	 the	 only	 ones	 involving	 these	 two	 materials.	 Furthermore,	 no	 works	 about	 TLP	
characterisation	of	OPVs	or	OLEDs	have	been	reported	so	far.	
Cosmic	rays,	composed	by	protons	and	atomic	nuclei,	affect	devices	meant	to	be	used	in	space	and	
avionics	 applications.	 Neutrons	 irradiation	 provides	 a	 stressing	 environment	 useful	 for	 the	
simulation	of	the	effects	of	cosmic	rays	on	electronic	devices.	In	such	regard,	I	report	in	this	thesis	
the	result	I	obtained	about	“in	operando	OPVs”	irradiated	with	neutrons	of	which	the	functionality,	




exposure	 on	 the	 International	 Space	 Station	 (ISS).	 I	 also	 analysed	 neutron-exposed	 P3HT	OFETs	
response	 to	 ESD	 phenomena,	 to	 assess	 the	 combination	 of	 both	 stress	 kinds	 on	 instruments	










ability	 to	 withstand	 massive	 doses	 of	 neutron	 irradiation	 without	 a	 dramatic	 loss	 of	 their	
performances.	Furthermore,	the	results	 in	this	thesis	reported	show	how	polymer-based	devices	
are	robust	to	both	ESD	and	cosmic	ray	stress.	Silicon-based	technology	is	found	to	suffer	permanent	










constant	 of	 CPs,	 on	 the	 electrons-lattice	 coupling	 and	on	 the	 structural	 disorder	of	 CPs.	 Charge	







rely	 on	 are	 introduced	 and	discussed	 so	 as	 to	 furnish	 a	 sufficient	 understanding	of	 the	 analysis	
reported	in	the	following	chapters.	Finally,	an	introduction	on	the	fundamental	principles	neutrons	
irradiation	technique	is	based	on	is	reported.		













In	 chapter	 4,	 the	 results	 obtained	 regarding	 OPVs	 neutrons	 hardened	 are	 reported.	 OPVs	 are	


















is	 any	unit	 that	 can	 generate	 a	 polymer	by	means	of	 a	 process	 called	polymerisation	 [25]–[27].	
Polymers	can	be	classified	according	different	criteria,	such	as	according	to	their	chain	chemistry	





Semiconductive	 polymers	 have	 been	 increasingly	 captivating	 attention	 since	 Shirakawa	 and	





[42].	 Semiconductive	 polymers	 are	 encompassed	 in	 larger	 area	 of	materials	 defined	 as	 organic	










single	 (σ)	 and	 double	 bonds	 (σ	 +	 π)	 in	 the	 molecule	 and	 such	 system	 arrangement	 is	 called	
conjugation.	Systems	featuring	conjugation	are	called	conjugated,	hence	semiconductive	polymers	





original	 2pz.	 Hence,	 the	 two	 electrons	 coming	 from	 the	 2pz	 original	 orbitals	 are	 energetically	
favoured	to	occupy	the	π	orbital,	 in	the	ground	state.	The	bonding	orbital	π	is	called	the	highest	
occupied	 molecular	 orbital	 (HOMO),	 whereas	 the	 anti-bonding	 orbital	 π*	 is	 called	 the	 lowest	
unoccupied	molecular	orbital	(LUMO)	(Figure	1-2).	If	we	consider	a	larger	number	of	sp2	hybridized	
carbon	atoms	forming	a	conjugated	system,	for	example	trans-polyacetylene,	the	 lateral	overlap	
between	 π-orbitals	 permits	 the	 delocalisation	 of	 the	 π-electrons	 over	 the	 whole	 molecule	 so	









energy	 introduced	 by	 the	 distortion	 does	 not	match	 or	 exceeds	 the	 decrease	 of	 the	 electronic	
















CPs	 have	 been	 intensively	 studied	 as	 active	 layer	 of	 optoelectronic	 devices	 because	 of	 the	
localisation	of	electrical	and	photo-excitations	they	feature.	Such	property	arises	from	mainly	three	






and,	 contrarily	 to	what	 happens	 in	 conventional	 3D	 semiconductors,	 these	 do	 not	 enter	 in	 the	
energetic	bands	of	the	polymers	but	induce	kinks	in	the	conjugated	sequence.	The	consequences	of	
these	kinks	depend	whether	the	conjugated	system	possesses	a	doubly	degenerated	ground	state	

















to	 a	 pair	 of	 localised	 solitons	 interacting	 and	 forming	 bonding/anti-bonding	 combinations	 of	









Upon	 photoexcitation	 of	 CPs	 so-called	 excitons	 are	 formed,	 namely	 neutral	 quasi-particles	 of	
electron-hole	pairs	characterised	by	a	binding	energy	(BE)	due	to	the	Coulombic	attraction	between	
them	and	by	diffusion	lengths	dependant	on	the	charge	screening	of	the	material	in	which	excitons	
are	 formed,	 that	 in	 turn	 depend	 on	 the	 dielectric	 constant	 of	 the	 same.	Materials	 featuring	 a	

































(ground	 state),	 S1	 (first	 excited	 state),	 S2	 (second	 excited	 state)	 and	 T1	 (triplet	 state).	 Electronic	




















of	 that	 observed	 for	 singlets	 emission	 (that	 is	 of	 the	 order	 of	 nanoseconds),	 and	 is	 referred	 as	





multiple	 properties	 they	 feature	 (lightweight,	 cheap	 production	 costs,	 easy	 manufacturing,	
biocompatibility,	 flexible	 and	 stretchable	 mechanical	 properties[5],	 [12],	 [59]–[61])	 and	 the	



























from	metallic	 electrode)	or	 an	 inverted	 structure	 (electrons	extracted	 from	 the	 conductive	 thin-
oxide	electrode).	The	positions	of	each	layer	in	both	configurations	can	be	summarised	as	in	Figure	

















acceptor	 material.	 Such	 configuration	 is	 therefore	 a	 bulk	 heterojunction	 (BHJ)	 and	 features	 a	
nanostructured	 morphology	 formed	 by	 spontaneous	 phase	 separation	 between	 the	 two	
components[70],	[71].	The	typical	exciton	diffusion	length	in	CPs	is	~	10	nm,	as	seen	before,	hence	
the	 length	 scale	 of	 such	 phase	 separation	 should	 be	 within	 10-20	 nm.	 Furthermore,	 a	 highly	





















absorption	coefficient	and	on	the	thickness	of	 the	absorbing	 layer;	 ii)	 the	 fraction	of	dissociated	
excitons	that	is	depending	on	the	phase	separation	between	the	two	blend	components,	required	
to	match	the	exciton	diffusion	length;	iii)	the	fraction	of	charges	successfully	reaching	the	collecting	




of	 such	 value	 the	 current	 flowing	 through	 the	 device	 is	 zero.	 The	 Voc	 can	 be	 therefore	 directly	
obtained	according	the	following	formula:	
	 40	
	 𝑽𝒐𝒄 = 	 𝟏𝒆 	( 𝑬𝑯𝑶𝑴𝑶𝒅𝒐𝒏𝒐𝒓 − 𝑬𝑳𝑼𝑴𝑶𝒂𝒄𝒄𝒆𝒑𝒕𝒐𝒓 − 𝟎. 𝟑	𝒆𝑽)	 	 Equation	1-2	
where	e	is	the	elementary	charge	and	E	is	the	energy	level.	The	empirical	factor	0.3	eV	is	a	correction	
of	a	deviation	arising	because	of	factors	such	as	charge	mobility	and	active	layer	thickness	[74].	For	
a	 P3HT:PCBM	 OPV	 the	 calculated	 Voc	 is	 0.6	 eV,	 however,	 the	 measured	 one	 is	 0.56	 eV.	 Such	
discrepancy	stands	because	of	the	dependency	of	Voc	not	only	on	the	HOMO	and	LUMO	values	but	
also	 on	 the	 quality	 of	 the	 electrode/active	 layer	 interfaces,	 as	 the	 presence	 of	 defects	 at	 the	
interfaces	or	short	circuit	pathways	(i.e.	pinholes	or	cracks	in	the	active	film)	lead	to	an	increase	of	
the	resistivity	offered	by	the	material,	and	thus,	to	a	lowering	of	the	Voc	[75]–[77].	Importantly,	the	
Voc	 turns	 to	 be	 a	 valuable	 factor	 to	 assess	 the	 cell	 overall	 conditions	 since	 a	 close	 value	 of	 the	
measured-Voc	to	the	calculated-Voc	points	out	a	good	charge	transport	along	cell	layers.	The	JV	curve	
also	indicates	the	point	corresponding	to	the	maximum	power	provided	by	the	solar	cell,	i.e.	the	
Pmax,	obtained	as	 the	product	of	 the	current	density	 Jpmax	 and	 the	voltage	Vpmax	 (Figure	1-11).	A	
fundamental	parameter	calculated	starting	 from	the	 Jsc,	 the	Voc	and	the	Pmax	 is	 the	so-called	 fill-
factor	(FF),	used	to	directly	measure	the	squareness	of	the	JV	curve:	























	 𝑰 = 	 𝑹𝑺𝑯𝑹𝑺𝑯+	𝑹𝑺 𝑰𝑳 − 𝑽𝑹𝑺𝑯 − 𝑰𝑫𝟎 𝐞𝐱𝐩 𝑽+𝑰𝑹𝑺𝒏𝑲𝑻 𝒒 − 𝟏 	 		 Equation	1-5	
That,	in	correspondence	of	the	Voc,	becomes		
	 	 𝑽𝒐𝒄 = 	 𝒏𝑲𝑻𝒒 𝒍𝒏 𝑰𝑳−𝑽𝒐𝒄 𝑹𝑺𝑯𝑰𝑫𝑶 + 𝟏 		 	 Equation	1-6		
whereas,	in	correspondence	of	the	short	circuit	current	(Isc),	1-5	becomes:	









































which	 is	generally	 increased	to	∼4.7-4.8	eV	by	means	of	an	oxygen	plasma	treatment,	 further	lowers	the	barrier	to	the	injection	of	holes	from	the	anode.	Analogously,	 in	OPVs,	PEDOT:PSS	
provides	 a	 low	 barrier	 for	 hole-extraction	 from	 the	 donor	 HOMO	 to	 the	 ITO	 anode.	Other	 two	
analogies	between	OPV	and	OLED	structures	are:	 i)	 the	oxygen	plasma	 treatment	 these	devices	
undergo	 to	 increase	 the	work	 function	 (∼4.7-4.8	eV),	 lower	 the	sheet	 resistance	 (∼15	Ω/□)	and	
decrease	surface	roughness	(from	3	nm	to	1.4	nm	rms)	of	ITO	[38],	[81];	ii)	the	choice	to	use	a	low	





eV.	The	active	 layer	chosen	 for	 the	OLEDs	 in	 this	 thesis	 studied	 is	F8BT	 (poly(dioctyfluorene-alt-
benzothiadiazole))[82],	[83].		
OLEDs	exploit	so-called	electroluminescence	 (EL)	phenomenon,	namely	the	emission	of	a	photon	
upon	 recombination	of	 an	 injected	electron	 (from	 the	 cathode)	with	an	 injected	hole	 (from	 the	
anode)	taking	place	in	the	emissive	layer.	In	fact,	injected	charges	establish	excitons	as	result	of	the	
coulombic	 interaction	 between	 an	 injected-electron	 in	 the	 LUMO	of	 the	 active	material	 and	 an	




units	 express	 the	 light	 emission	 according	 to	 the	 sensitivity	 of	 the	 human	eye	 giving	 the	 actual	




OLEDs	 are	 normally	 assumed	 as	 Lambertian	 light	 sources,	 or	 rather	 a	 source	 having	 the	 same	
radiance	 in	any	direction.	The	corresponding	photometric	unit	 for	 the	radiance	 is	 the	 luminance	
(cd·m-2).	F8BT	emits	 in	the	visible	range,	therefore	OLEDs	studied	in	this	thesis	are	characterised	
according	photometric	units,	i.e.	current	density-luminance	vs	voltage	(JLV)	and	EL	vs	voltage	graphs	
(Figure	 1-15).	 Upon	 application	 of	 a	 voltage	 bias	 between	 the	 anode	 and	 the	 cathode,	 the	
parameters	 normally	 used	 to	 characterise	 OLEDs	 functionality	 are:	 i)	 the	 turn-on	 voltage	 (VON),	
namely	the	(arbitrarily	defined)	bias	required	to	obtain	an	emitted	intensity	equal	to	∼5	times	the	
value	of	the	 intercept	of	the	LV	curve	(cd/m2)	with	the	noise	 level	 in	the	semi-log	plot	[44],	[84]	








	 	 𝑬𝑸𝑬 = 𝜼𝑷𝑳 ∗ 𝒓𝒔𝒕 ∗ 𝜸 ∗ 𝜼𝒐𝒖𝒕				 	 Equation	1-8	











poly(alkylthiophenes),	 liquid-crystalline	 thieno-thiophene	 copolymers	 and	 indacenodithiophene–
benzothiadiazole	copolymers,	exhibiting	mobilities	 ranging	 from	0.1	cm2V-1s-1	 to	5	cm2V-1s-1[89]–
[91].	





















taken at 9 V
lmax
































the	dielectric	 layer	 aimed	at	modulating	 the	 resistance	of	 the	 semiconductor	 layer	 immediately	
laying	 at	 the	 interface	 with	 the	 dielectric	 material,	 properly	 termed	 transistor	 channel.	 The	
semiconductor	is	the	active	layer	of	the	device	and	provides,	upon	the	proper	applied	bias	between	






the	dielectric	 capacitive	 layer	negatively	 charged	and	 therefore	attracting	 the	majority	holes	 (p-
OFETs)	 to	 the	 semiconductor-insulator	 interface	 that	 create	 a	 so-called	 channel.	 A	 DS	 positive	
current	 (holes)	 therefore	 flows	 through	 this	 channel	 and	 it	 is	modulated	by	 the	 gate	 voltage.	A	
depletion	regime	arises	upon	the	application	of	a	small	positive	bias	to	the	gate	electrode	so	causing	
the	repelling	of	majority	carriers	from	the	semiconductor-insulator	interface	[93].	In	this	thesis,	the	
analysed	 semiconductors	 are	 either	 P3HT	 or	 PBTTT	 (Poly(2,5-bis(3-hexadecylthiophen-2-




SiO2	dielectric	as	 those	growth	 in	 the	substrate	used	to	build	 the	OFETs	 in	 this	 thesis	analysed).	
Nevertheless,	n-type	OFETs	are	obtained	by	using	CPs	featuring	high	electron	mobility	such	as	8_3-
NTCDI	(N,N	-bis	(3-(perfluoroctyl)propyl)-1,4,5,8-naphthalenetetracar-boxylic	acid	diimide)	and	by	
means	 of	 superficial	 treatments	 aimed	 at	 reducing	 the	 e-trapping,	 such	 as	 self-assembled	
monolayers	(SAMs)	coating	the	dielectric	layer[91],[92].	In	n-type	OFETs	the	required	bias	to	open	
the	channel	must	be	positive	 so	as	 to	positively	 charge	 the	dielectric	 capacitance	and	 therefore	
obtain	an	accumulation	of	electrons	at	the	semiconductor-insulator	interface.	Importantly,	n-type	
transistors	can	also	be	achieved	by	using	P3HT	or	PBTTT	but,	since	the	electron	mobility	in	these	
devices	 is	 approximately	 tenfold	 lower	 than	 the	 hole	 one	 (hole/electron	 mobility	 in	 P3HT	∼0.01	cm2V-1s-1/∼0.001	cm2V-1s-1;	hole/electron	mobility	in	PBTTT	∼1	cm2V-1s-1	/	∼0.1	cm2V-1s-1),	p-
type	OFET	behaviour	better	suits	these	CPs	[97].		
The	characterisation	of	OFETs	 requires	measuring	 the	current	vs	voltage	curves	 (IV)	 that	 can	be	
either	 the	 drain-source	 current	 (IDS)	 vs	 the	 gate-source	 voltage	 (VGS)	 curve,	 termed	 transfer	
characteristic,	or	the	IDS	vs	the	drain-source	(VDS)	curve,	termed	output	characteristic.	The	transfer	
characteristics	are	taken	by	using	the	applied	VDS	as	parameter,	whereas	the	output	characteristics	
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 Vgs = -20 V
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	 	 𝑰𝑫𝑺 = 𝑾𝟐𝑳 ∗ µ ∗ 𝑪𝒊 ∗ 𝑽𝑮𝑺 − 𝑽𝑻𝑯 𝟐	 	 Equation	1-10	
The	last	equation	is	normally	used	to	assess	both	the	VTH	and	the	mobility	µ.	In	fact,	the	threshold	
voltage	VTH	can	be	extracted	by	determining	the	x	axis	intercept	of	(IDSsat)1/2	vs	VGS	in	the	saturation	
regime(equation	 1.10)[99],	 whilst	 µ	 corresponds	 to	 the	 slope	 of	 such	 graph	 (Figure	 1-18).	 The	
threshold	voltage	can	also	be	expressed	as:		
	 	 	 𝑽𝑻𝑯 = ± 𝒒𝒏𝟎𝒅𝑪𝒊 + 𝑽𝒇𝒃	 	 	 Equation	1-11	
where	Vfb	is	the	flat-band	potential	that	takes	in	account	any	work-function	difference	between	the	
























resulting	 in	 a	 variation	 of	 n0;	 by	 Ci	 alterations	 due	 to	 charge	 injection	 from	 the	 gate	 or	 the	
drain/source;	by	structural	variations	affecting	the	Vfb[93],	[99].	Importantly,	mobility	depends	on	
the	magnitude	of	the	gate	voltage	and	therefore	is	field-effect	dependent.	The	on/off	ratio	is	a	figure	
of	 merit	 for	 OFETs	 since	 higher	 values	 of	 this	 parameter	 results	 in	 a	 better	 switch	 between	 a	
condition	 of	 off	 state,	 hence	 with	 the	 solely	 sub-threshold	 voltage	 flowing	 between	 drain	 and	
source,	to	an	on	state	in	which	considerable	higher	current	flows	within	the	device.	Such	parameter,	
in	fact,	establishes	the	quality	of	the	OFET	to	act	as	a	switch,	particularly	important	for	applications	





Damages	 prevention	 due	 to	 electrostatic	 discharge	 (ESD)	 in	 electronic	 circuits	 relies	 on	 the	
utilisation	of	circuit	(or	component)	protections.	The	latter	are	designed	according	to	specifications	
that	 can	 be	 obtained	 by	 means	 of	 a	 transmission	 line-pulsing	 (TLP)	 system,	 which	 is	 aimed	 to	








ESD	mathematical	models	 such	 as	 Human	 Body	Model	 (HBM),	Machine	Model	 (MM),	 Charged	
Device	Model	 (CDM),	Charge	Board	Model	 (CBM),	Human	Metal	Model	 (HMM),	Cable	Discharge	






Body	Model	 (HBM)[15].	 According	 the	 latter,	 an	 electronic	 potential	 equal	 to	 2	 kV	 or	 more	 is	
connected	to	a	100	pF	capacitor	(CHBM),	representing	the	average	capacitance	of	the	human	body,	
and	a	resistance	of	1.5	kΩ	(RHBM)	that	represents	the	average	resistance	of	the	human	skin	(Figure	
1-19a)[107].	 The	 discharge	 trigger	 is	 represented	 by	 a	 switch	 that,	 upon	 closure,	 connects	 the	
charged	capacitor	with	a	grounded	device	by	means	of	the	discharging	path,	i.e.	the	RHBM.	A	further	
resistance	 is	 inserted	 in	 the	 HBM	 circuit	 representing	 the	 resistance	 felt	 by	 charges	 during	
accumulation	periods,	virtually	infinite,	due	to	the	friction	with	other	objects.	Such	resistance	does	















time	 length	 and	 shape	but	with	 increasing	 amplitude	are	discharged	over	 the	device	under	 test	
(DUT).	Figure	1-20b	depicts	the	sequence	of	increasing	pulses	a	DUT	undergoes	during	a	TLP	test	
session[102],	[103],	[110].	The	purpose	of	such	applied	train	of	pulses	is	to	expose	DUT	to	a	level	of	

































	 	 𝑰𝑻𝑳𝑷 = 𝑽𝒊𝒏𝒄−𝑽𝒓𝒆𝒇𝒁𝟎 		 	 	 Equation	1-12	
	

























named	 as	 Vt1,	 It1,	 Et1,	 Ron1	 or	 Vt2,	 It2,	 Et2,	 Ron2[103],	 [105]–[107]	 but,	 I	 found	 less	 confusing	 the	
aforementioned	 terminology	 (VTR,	 ETR,	 ITR)	 since	 in	 all	 cases	 analysed	 I	 chose	 to	 extract	 the	
parameters	only	up	to	the	first	trigger	point.		
A	 particular	 case	 of	 TLP	 parameter	 extraction	 takes	 place	 when	 no	 trigger	 point	 is	 observed,	
meaning	that	the	device	successfully	sustained	the	pulsed	energy	up	to	the	maximum	value	the	TLP	
system	can	supply,	i.e.	up	to	the	maximum	Vinc.	In	correspondence	of	such	case,	the	parameters	are	
























VTR =259V , ITR=0.15A
RTLP2
Second Trigger




The	behaviour	 reported	 in	Figure	1-22	was	chosen	since	representative	of	almost	 the	totality	of	
cases	 in	 the	 thesis	 reported.	However,	 the	 response	 to	TLP	 stress	 can	be	 considerably	different	
according	the	kind	of	device	analysed	(single	component	such	as	CMOS,	FETs	or	entire	integrated	
circuits)	and	according	the	model	the	TLP	system	is	modelled	on	(HBM,	MM,	CMD	etc.).	An	analysis	
of	 each	 of	 these	 cases	 is	 beyond	 the	 purposes	 of	 this	 thesis,	 which	 is	 instead	 focused	 only	 on	




























into	 the	 device	 or	 an	 abnormally	 high	 current	 flowing	 through	 the	 device	 in	 normal	 operation	
conditions.	Device	not	failing	the	ILEAK	test	are	either	not	experiencing	a	failure	or	experiencing	a	
failure	 of	 a	 different	 kind,	 such	 as	 disruption	 of	 electrical	 connections[111].	 Commonly,	 this	
parameter	turns	particularly	useful	in	tests	involving	a	dielectric	material,	such	as	gate	oxide	in	field	
effect	transistors,	in	which	ESD	events	create	holes	thus	inducing	short	circuits.	Furthermore,	the	








pulsed	 energy	 is	 heating	 the	 DUT	 and	 altering	 its	 conductivity,	 for	 example	 by	 increasing	 the	





























To	 the	 best	 of	 my	 knowledge,	 only	 few	 papers	 have	 been	 reported	 so	 far	 regarding	 the	




















 PBTTT DSpos TLP test





























  Before TLP test














Neutrons	 are	 uncharged	 particles	 capable	 of	 deeply	 penetrating	 into	 materials	 so	 providing	
information	 related	 to	 the	 bulk	 of	 samples	 or,	 by	means	 of	 fast	 neutrons,	 to	 induce	 ionisation,	















Emerging	neutrons	 feature	an	energy	content	within	 the	Maxwell-Boltzmann	distribution	of	 the	
moderator	mean.	 The	moderation	 can	 be	 tuned	 by	 changing	 the	mean	 or	 its	 temperature.	 For	
instance,	 if	 the	used	mean	 is	water	kept	at	 room	temperature,	 the	average	energy	of	emerging	







energy	 intervals	 such	 as	 cadmium	 (kinetic	 energy	 below	 the	 cadmium	 cut-off	 energy,	~0.5	 eV),	
epicadmium	 (kinetic	 energy	 between	 0.5	 eV	 and	 1	 eV),	 slow	 (kinetic	 energy	 between	 1	 eV	 and	
	 60	





particle	 energy;	 iv)	 relative	 angle	 between	 the	 incident	 neutron	 and	 the	 target;	 v)	 target	















Neutrons	are	obtained	either	 from	reactors	or	pulsed	sources.	 In	 the	 first	one	 the	neutrons	are	
provided	by	fission	of	a	fissile	material,	commonly	enriched	uranium	235U	according	the	reaction:	𝑛 + 𝑈¢£¤ 	 𝑈¢£¥ 	 𝑋𝑒¨£© + 𝑆𝑟¨¬¬ + 2𝑛	
where	n	stands	for	neutron.	Such	reaction	is	self-sustaining	due	to	the	surplus	of	neutrons	hitting	
other	 235U	 nuclei	 and	 hence	 renewing	 the	 reaction.	 Neutron	 scattering	 experiments	 in	 reactor	
sources	require	a	monochromatic	beam	necessary	to	modulate	the	scattering	according	to	either	










	 	 	 𝝀 = 𝒉 𝒕+𝒕𝟎𝒎𝒏 𝑳+𝑳𝟎 		 	 	 Equation	1-15	
where	h	is	the	Planck’s	constant,	t	is	the	time,	mn	the	mass	of	neutron,	L	the	total	flight	path	and	t0	



























where	 a	 small	 portion	of	 neutron	 kinetic	 energy	 is	 converted	 into	 thermal	 energy	 to	 the	 target	









ionised	 atoms.	 Secondary	 neutrons	 are	 also	 generated	 from	 interaction	 of	 cosmic	 rays	 with	



































features	 a	 hole	 mobility	 of	 ~10-4	 -10-2	 cm2/Vs,	 and	 approximately	 a	 tenfold	 lower	 electron	
mobility[51],	[96],	[123],	[124].	
PCBM	(Figure	2-1b),	instead,	is	a	solubilised	version	of	the	buckminsterfullerene,	C60,	and	it	is	well	






sufficiently	 far	 apart	 so	 that	 they	 can	permit	 the	molecular	 intercalation	of	 these[12],	 [96].	 The	
microstructure	of	PBTTT	is	similar	to	the	lamellar	organization	of	P3HT	but	the	lower	density	of	side	
chains	in	thiophene-thienothiophene	copolymers	increases	the	ionization	potential,	improves	the	
stability,	 allows	a	better	 side	chain	 interdigitation	 resulting	 in	a	highly	 crystalline	 structures[41].	
Such	properties	render	PBTTT	higher	conductive	than	P3HT.	PBTTT	features	a	HOMO	level	of	5.1	eV,	
a	LUMO	level	of	3.1	eV	and	a	hole	mobility	of	~1	cm2/Vs.		
Poly(9,9-dioctylfluorene-alt-benzothiadiazole)	 (F8BT)	 (Figure	 2-1d)	 is	 a	 largely	 used	 CP	 as	 active	
layer	in	OLEDs,	as	a	quasi-balanced	p-type	and	n-type	semiconductor	for	OFETs	and	as	active	layer	
in	 light	emitting	transistors.	 It	can	also	be	used	as	polymeric	acceptor	 for	OPVs.	F8BT	 is	a	green	









isopropanol	 and	 in	 a	 second	 one	 of	 10	 minutes	 in	 acetone.	 An	 oxygen	 plasma	 treatment	 of	
10	minutes	was	carried	out	 in	order	to	 increase	the	wettability	of	such	substrates.	Afterwards,	 I	
spun-coated	 in	 air	 Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)	 (PEDOT:PSS)	 onto	
	 65	
these	devices	 (5000	 rpm	–	60	 s	 resulting	 in	a	40-50	nm	 thick	 layer)	 and	 I	 carried	out	a	 thermal	
annealing	at	100°	C	for	10	minutes	in	glovebox	(inert	environment).	A	solution	of	P3HT	and	one	of	
PCBM,	both	in	chlorobenzene	according	to	a	concentration	of	20	mg/ml,	were	prepared	and,	after	
a	 stirring	 period	 of	 12	 hours,	 filtered	 by	 using	 a	 10	μm	diameter	 pores	 polytetrafluoroethylene	
(PTFE)	filter.	Eventually,	the	two	solutions	were	mixed	according	to	a	ratio	of	0.7:1	in	volume	and	
the	resulting	solution	was	left	in	stirring	for	12	hours	prior	its	utilisation	as	active	layer	in	the	cells.	I	
spun	 coated	 this	 solution	 onto	 the	 substrates,	 prior	 treated	 as	 reported	 above,	 in	 glovebox	
(1600	 rpm	 for	60	 s	+	4000	 rpm	 for	10	 s	 resulting	 in	a	180-200	nm	 thick	 layer).	An	annealing	of	
10	minutes	at	100°	C	in	glovebox	was	carried	out	on	the	substrates	spun	with	the	active	layer	before	



















to	 build	 the	 OFETs	 used	 in	 the	 research	 activity	 here	 reported.	 P3HT	 solution	 is	 dissolved	 in	






















On	each	substrate	16	transistors,	with	 four	different	channel	 lengths	 (2.5	μm,	5	μm,	10	μm	and	
20	μm)	are	located	on	top.	All	transistors	have	a	channel	width	of	10	mm	and	a	common	gate	contact	
located	on	the	bottom	of	the	chip.	Substrates	are	composed	by	a	675	μm	n-doped	silicon	bottom	






Afterwards,	 a	 hexamethyldisilazane	 (HMDS)	 layer	 is	 spin-coated	 over	 the	 samples	 that	 are	
subsequently	annealed	at	100°	C	for	1	h.	HDMS	is	an	organosilicon	compound	that	has	been	shown	
to	 improve	 the	mobility	 of	 p-type	 OFETs[51]	 by	 favouring	 active	 layer	 crystallisation.	 After	 the	
annealing,	 substrates	 are	 spin-washed	 with	 isopropyl	 alcohol	 (in	 glove-box)	 before	 undergoing	
another	thermal	annealing	at	100°	C	for	10	minutes	aimed	at	removing	HMDS	in	excess	so	obtaining	
a	very	thin	layer	(~5nm)	of	the	same.	HMDS	was	purchased	from	Sigma	Aldrich.	At	this	point	of	the	
preparation	 substrates	are	 ready	 to	be	 coated	with	organic	active	 layers.	Both	P3HT	and	PBTTT	
layers	are	deposited	via	spin-coating	and,	once	spun,	another	thermal	annealing	at	100°	C	for	10	
minutes	 is	 carried	out	 to	help	 residual	 solvent,	used	 for	 the	preparation	of	P3HT	and	PBTTT,	 to	
















from	 the	 equation	 1.10,	 the	 value	 of	 Ci	 was	 calculated	 by	 using	 the	 vacuum	 permittivity	
(ɛ0=8.854x10-12	F/m)	times	the	relative	permittivity	of	silicon	oxide	(3.9)	split	by	the	oxide	thickness	
(230	nm),	hence	resulting	Ci	=	1.5x10-4	F/m2[130].		



















flowing	 through	 the	 LED.	 The	 emission	 intensity	 versus	 wavelength,	 i.e.	 the	 EL	 spectrum,	 is	





(ATIS)	 group	 in	 Fraunhofer	 research	 institution	 for	 microsystems	 and	 solid-state	 technologies	
(EMFT),	at	room	temperature.	This	characterisation	provides	the	component	behaviour	during	an	





















conducted	 exciting	 the	 samples	 with	 a	 450	 nm	 wavelength	 diode	 laser.	 The	 absorption	
measurements	were	obtained	using	an	Agilent	8453	spectrophotometer	with	spin-coated	200	nm	









molecules,	and	 therefore	about	 the	vibrational	 spectrum	for	 the	 identification	of	molecules	and	










called	Anti-Stokes	 shift	 (Figure	 2-5).	 In	 Stokes	 shifts,	 photon	 interact	with	 electron	 cloud	 of	 the	
functional	group	bonds	exciting	these	into	a	virtual	state.	Therefore,	photon	transfer	a	portion	of	
their	energy	to	these	electrons,	which	in	turn	are	excited	and	moved	into	a	virtual	state	(vibrational	






The	Raman	Spectrum	 is	hence	 characterised	by	 the	 intensity	of	 the	Raman	 signal	on	 the	Y	 axe,	
generally	normalised	with	respect	to	the	highest	of	the	peaks	found	 in	the	spectrum,	whilst	 it	 is	
characterised	by	so-called	Raman	Shift	on	the	x	axe,	namely	a	wavenumber	expressed	in	cm-1	and	
defined	as:	
	 𝑹𝒂𝒎𝒂𝒏	𝑺𝒉𝒊𝒇𝒕 = 	 𝟏𝛌𝟎 +	 𝟏𝛌𝟏	 	 Equation	2-1	
where	l0	 is	 the	wavelength	of	 the	 incident	 light	whilst	l1	 is	 the	Raman	spectrum	wavelength.	A	
Raman	micro-spectrometer	 is	 a	Raman	 spectrometer	exploiting	one	or	more	 lasers,	of	different	
wavelengths,	integrated	with	an	optical	microscope.	Raman	spectra	are	acquired	by	beaming	one	
of	 the	 laser	on	 the	 sample	onto	an	area	of	 few	microns	of	diameter[136].	Raman	 spectroscopy	
exploiting	lasers	characterised	by	a	wavelength	causing	electrons	to	jump	into	excited	states,	and	
so	generating	PL	phenomena,	 is	working	 in	 so-called	 resonant	conditions,	whilst	 in	not-resonant	
conditions	in	other	cases[137].		
The	OFETs	 reported	 in	 chapters	 3	 and	 chapters	 4	were	 analysed	by	means	of	 a	Renishaw	 inVia	
Raman	 microscope	 (50×	 objective)	 with	 an	 excitation	 wavelength	 of	 785	 nm	 (non-resonant	
conditions).	The	laser	power	was	set	at	1%	of	its	maximum	power	to	avoid	photo-degradation	of	
the	sample	(1	–	5	mW).	The	spectra	were	taken	at	room	temperature	in	the	Stokes’	region	and	were	
calibrated	 against	 the	 520.5	 cm-1	 line	 of	 an	 internal	 silicon	wafer.	 The	 signal-to-noise	 ratio	was	
enhanced	by	repeated	acquisitions.	Spectra	were	corrected	by	subtracting	the	samples	fluorescence	













The	 experiments	 involving	 neutron	 hardening	 in	 this	 thesis	 reported	 were	 carried	 out	 at	 the	
VESUVIO	beamline	within	the	RAL	 laboratories.	 In	Figure	2-6	the	energy	profile	produced	within	
such	 beamline[138]	 is	 reported	 and	 compared	 to	 the	 one	measure	 on	 board	 the	 ISS[139].	 The	
spectrum	results	pretty	broad	in	both	cases	but	VESUVIO-spectrum	shows	higher	level	of	neutron	
flux,	and	thus,	indicating	that	the	neutron	irradiation	experiments	within	such	beamline	can	be	used	



















costs,	 therefore	 the	 properties	 featured	 by	 organic	materials	 could	 act	 as	 key	 factor	 to	 replace	
inorganic	 ones[148],	 [149].	 However,	 a	 large	 spread	 of	 these	 devices	 is	 yet	 to	 take	 place	 since	
researchers	 have	 to	 address	 and	 solve	 problems	 related	 to	 organic	 devices	 performance	 in	
comparison	of	those	inorganic	devices	provide.	
Some	of	 the	 aspects	 addressed	 to	 close	 the	 gap	between	organic	 and	 inorganic	 devices	 are:	 (i)	
enhance	 the	 power	 conversion	 efficiency	 (η)	 of	 OPVs,	 the	 best	 reported	 organic	 solar	 cell	 η	 is	
12.6%[150]	whilst	inorganic	ones	range	from	21.2	%	(thin	film	crystal	silicon	cells)	to	a	maximum	of	
28.8	%	 (thin	 film	crystals	of	GaAs)[12],	 [151];	 (ii)	 long-term	reliability	and	durability[4],	higher	 in	









TLP	 are	 reported	 in	 literature[100],	 [101],	 [106].	 On	 the	 contrary,	 the	 characterisation	 of	 the	












































In	 the	 third	 section,	 the	 results	 of	OLEDs	 tested	 by	means	 of	 TLP	 are	 reported.	 I	 tested	OLEDs	






























damages	 coherently	 with	 the	 TLP	 graphs.	 The	 robustness	 to	 the	 TLP	 stress	 shown	 in	 both	 the	
positive	TLP	cases	arises	from	the	fact	that	charges	are	favoured	to	move	into	the	active	layer	from	
the	 anode	 (ITO-PEDOT)	 towards	 the	 cathode	 (Ca-Al)	 since	 the	 devices	 are	working	 as	 diodes	 in	




corresponding	 to	 trigger	voltage	VTR	of	46	±	17	V,	 in	 the	case	 iii	 and	 for	an	 ITR	of	0.49	±	0.13	A,	
corresponding	to	a	VTR	of	42.4	±	7	V,	in	the	case	iv.	We	observe	a	PTR	of	9.2	±6	W	(ETR	of	~	0.9	µJ)	for	
the	not	 illuminated	devices	and	of	20.7	±	9	W	(ETR	of	~2	µJ)	 in	the	case	of	the	 illuminated	ones.	
Interestingly,	the	slope	of	the	graph	of	the	devices	tested	under	illumination	is	different	from	the	







power	 is	discharged	uniquely	 via	 a	 joule	effect	up	 to	 the	point	 in	which	an	 irreversible	damage	
occurs.	Nevertheless,	a	difference	was	noticed	between	these	two	cases.	 In	the	case	of	negative	
applied	 pulses	 under	 illumination,	 at	 the	 moment	 of	 the	 pulse	 striking	 the	 device	 a	 negative	






The	 observed	 RTLP	 values,	 ranging	 between	 214	 Ω	 and	 77	 Ω,	 let	 OPVs	 possibly	 qualify	 as	 ESD	
protections	 in	 applications	 that	 feature	 a	 considerable	 higher	 input	 impedance	 of	 this	 one.	
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that	 takes	 in	 account	 the	 photo-generated	 current	 flowing	 through	 the	 device,	 of	 a	 current	 ID	
produced	by	a	diode	that	takes	in	account	the	recombination	of	the	charges,	a	shunt-resistance	RSH	
parallel	to	the	diode,	taking	in	account	the	resistance	across	the	active	layer,	and	a	resistance	RS	








dark	 condition,	 corroborating	 the	observed	 improvement	of	 the	 cell.	 In	 terms	of	 the	equivalent	
circuit,	in	dark	conditions	the	IL	is	null	and	the	measured	I	is	directly	correlated	to	the	diode	current	


















TLP	test	 Not	failed	 Not	failed	 Failed	 Failed	
PTLPMax	 767	±	110	W	 830±44	W	 9.2±6	W	 20.7±9	W	
ITLPMax	 3.35	±	0.12	A	 3.31±0.05	A	 0.2±0.07	A	 0.49±0.13	A	
VTLPMax	 229	±	24	V	 251±10	V	 46±17	V	 42±7	V	
Jsc	pre	TLP	 6.4±0.1	mA/cm2	 5.3±0.2	mA/cm2	 5.6±0.5	ma/cm2	 5.8±1.7	ma/cm2	
Jsc	post	TLP	 5.9±0.4	mA/cm2	 6±0.2	mA/cm2	 Not	working	 Not	working	
∆	Jsc	 -7.2±3.5%	 +13.1±0.7	%	 -	 -	
Voc	pre	TLP	 0.587±0.002	V	 0.575±0.005	V	 0.565±0.036	V	 0.578±0.009	V	
Voc	post	TLP	 0.585±0.569	V	 0.576±0.001	V	 Not	working	 Not	working	
∆Voc	 -0.34±0.4	%	 +0.17±0.9	%	 -	 -	
FF	pre	TLP	 46.8±0.4	%	 53.1±	2.2	%	 53.3±0.1	%	 49.3±0.3	%	
FF	post	TLP	 58.1±1.7	%	 53.5±2.3	%	 Not	working	 Not	working	
∆FF	 +24.3±4.7	%	 +0.8±1.1%	 -	 -	
η	pre	TLP	 1.79±0.03	%,	 1.62±0.14	%,	 1.97±0.16	%	 1.6±0.41%	
η	after	TLP	 2.01±0.18	%	 1.85±0.16	%	 Not	working	 Not	working	


















there	are	 few	differences	 that	are	worth	discussing.	 In	 the	case	 in	which	no	 light	was	applied,	 I	
observed	a	lower	value	of	power	tolerated	by	the	device	in	comparison	of	the	one	of	the	case	in	
which	 they	were	 illuminated,	 as	 also	 confirmed	 by	 Figure	 3-1.b.	 In	 the	 case	 of	 the	 illuminated	
devices,	the	striking	current	is	partially	dissipated	via	the	negative	photo-generated	current	due	to	





































































































































than	 1	 in	 positive	 TLP-stressed	 devices	 whilst	 higher	 than	 1	 in	 negative	 TLP-stressed	 ones.	
Analogously,	the	peaks	in	iv	also	change	according	to	the	polarity	of	the	TLP	tested	used,	resulting	






















(equation	 1.2)	 for	 P3HT:PCBM	 heterojunction	 solar	 cells	 but	 commonly	 the	 value	 measured	 is	
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I	 investigated	 the	 response	 to	 a	 TLP	 test	 of	 P3HT:PCBM	 solar	 cells	 mimicking	 all	 the	 possible	
environmental	scenarios	these	devices	can	undergo	in	case	are	hit	by	electrostatic	discharges.	I	used	
negative	 and	 positive	 pulses	 applied	 when	 the	 cells	 were	 not	 illuminated	 and	 illuminated.	
Interestingly,	in	all	cases	analysed	in	which	positive	pulses	were	applied,	the	cells	tested	withstand	





Focusing	 more	 on	 the	 devices	 and	 describing	 the	 JV	 parameters	 changes	 in	 OPV	 equivalent	
electronic	circuit	terms,	the	positive	pulses	exert	an	electro-annealing	of	the	devices	that	reduces	
the	RS	that	in	turn	causes	an	improvement	of	the	FF	and	consequently	of	the	η.	The	RS	reduction	can	
be	explained	as	a	consequence	of	 the	 ions	 into	 the	device	 forced	by	 the	pulsed	applied	 field	 to	
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in	 dark	 conditions	 feature	 a	 reduction	 of	 the	 dark	 current	 therefore	 corroborating	 the	 general	
improvement	 observed.	 However,	 the	 negative	 pulses	 dramatically	 reduce	 the	 RSH	 causing	 a	
reduction	 of	 the	 Voc	 and	 a	 loss	 of	 the	 functionality	 of	 the	 devices.	 Interestingly,	 PL	 spectra	





Interestingly,	OPVs	can	act	as	ESD	protection	and	pulse	polarity	monitors	 if	placed	 in	parallel	 to	
other	devices	having	an	input	impedance	higher	than	the	RTLP	observed	in	OPVs,	which	considering	
all	cases	analysed	spans	between	10	Ω	and	214	Ω.	In	fact,	upon	applied	negative	pulses	OPVs	would	
result	 in	a	 failure,	whilst	 they	expectably	keep	on	working	upon	applied	positive	pulses.	On	 the	
contrary,	 if	OPVs	need	 to	be	ESD	shielded,	protections	must	avoid	 incoming	ESD	to	overcome	a	
pulsed	energy	of	0.32	µJ	and	ITLP	and	VTLP	to	overcome	0.13	A	and	29	V	respectively.			
Organic	semiconductors	have	been	captivating	great	attention	in	the	last	years	for	their	cheap	and	






































procedure.	 In	 the	 second	part	of	 this	 section	 the	 results	obtained	on	P3HT	OFETs	are	 reported,	
namely:	 the	 TLP	 results	 I	 obtained	per	 each	of	 the	 study-case	 analysed;	 a	 comparison	between	
pristine	 and	 TLP-treated	 device	 electric	 features	 whenever	 the	 functionality	 of	 the	 latter	 was	




















applied	VGS	 of	 0	V	 and	VDS	 of	 -80	V).	 The	electrical	 characteristics	 of	 these	P3HT-transistors	 are	










measured	 subthreshold	 current	 IDS	 lower	 than	 40	 µA.	 These	 value	 are	 consistent	with	 features	
reported	 in	 literature[96]	 and	 were	 calculated	 per	 each	 channel	 length	 considering	 12	 devices	
spread	over	three	different	substrates.	In	Figure	3-9	the	transfer	and	output	characteristics	of	the	
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 TLP	results	on	P3HT	OFETs	














both	 ITLP	 and	 the	 ILEAK	 increase	 according	 to	 the	module	 of	 the	 applied	 voltage,	 with	 the	 latter	
reaching	the	compliance	current	(1	µA).	The	dielectric	breakdown	of	the	silicon	oxide	that	I	observed	
is	 approximately	13.6	MV/cm	 (obtained	 considering	 the	 thickness	of	 the	gate,	230	µm,	and	 the	
voltage	 across	 the	 same	 causing	 the	breakdown,	 315	V),	 slightly	 higher	 than	 values	 reported	 in	
literature	 for	 silicon	 oxide,	 where	 a	 breakdown	 is	 normally	 observed	 between	 2	 MV/cm	 and	
10	MV/cm[165].	 I	 used	 different	 voltage-steps	 for	 the	 applied	 VTLP	 (10	 V,	 20	 V	 and	 50	 V)	 but	 I	
observed	the	same	response	in	all	cases	analysed	therefore	indicating	that	cumulative	stress	effects	
do	not	influence	the	dielectric	breakdown	of	these	devices.		




oxide,	 expectably	 broken	 in	 correspondence	 of	 the	 area	 immediately	 below	 the	 drain	 contact,	




















the	DGpos,	 the	 charges	moving	 against	 the	 oxide	 are	 electrons,	 abundant	 enough	 to	 break	 the	
silicon	 oxide	 completely.	 Similarly	 to	 the	 DGpos	 test,	 the	 channel	 length	 does	 not	 affect	 the	
response	 of	 devices.	 In	 both	DGpos	 and	DGneg	 tests,	 the	 charges	 of	 the	 P3HT	 are	 not	 directly	
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In	 the	 following	 sections	 the	DSpos,	DSneg,	DSpos10Vgbias,	DSneg10Vgbias,	DSpos-20Vgbias	 and	
DSneg-20Vgbias	tests	are	respectively	reported.	Each	section	is	so	structured:	a	summary-table	of	

















10	V.	 Each	 test	was	 conventionally	decided	 to	be	 stopped	within	5	pulses	 after	 the	arising	of	 a	
snapback,	 hence	 the	 number	 of	 pulses	 applied,	 and	 consequently	 of	 the	maximum	 pre-charge	
voltage	used,	is	depending	on	each	device	response.	Before	and	after	each	TLP	test,	a	DC	test	was	

















critical	 value	 of	 applied	 VTLP	 followed	 by	 a	 region	 featuring	 a	 negative	 differential	 resistance	










The	 ILEAK,	 instead,	was	 found	 to	decrease	during	 the	 tests,	 indicating	a	degradation	of	 the	metal	
contacts	 and	 of	 the	 interdigitated	 pattern	 of	 the	 transistors,	 as	 confirmed	 in	 Figure	 3-15.	 The	










	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.22±0.05	 349±16	 76.78±21.8	 6.58±1.82	 2.9±1.14	
10	µm	 0.14±0.01	 284±8	 39.76±4.04	 3.38±0.32	 2.1±0.95	























ILEAK @ Vg = -40V, Vds= -20 V
 ILEAK 























































 Vgs =    0 V
 Vgs = -20 V
 Vgs = -40 V
 Vgs = -60 V
 Vgs = -80 V
PreTLP - 5 µm
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 Vgs = -20 V
 Vgs = -40 V
 Vgs = -60 V
 Vgs = -80 V
After TLP - 5 µm
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 Vds= -80 V













 Vds= -20 V
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  Before TLP test











	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.046±0.002	 228±10.8	 10.68±1.1	 0.91±0.001	 4.65±0.12	
10	µm	 0.06±0.02	 240±10.2	 14.34±5.63	 1.23±0.5	 4.67±0.11	
5	µm	 0.048±0.02	 217±23.7	 10.61±5.62	 0.91±0.5	 5.12±0.17	
	
short	circuits	arise	because	of	the	test.	However,	the	resulting	pulsed	energy	measured	was	always	
lower	 than	2	µJ,	a	value	 lower	 than	 those	observed	 in	 the	DSpos,	and	 therefore	exposing	 these	
devices	to	a	moderate	ESD	stress.	The	reason	is	due	to	the	interruption	of	the	charge	flow	between	
the	TLP	probes	and	the	device	caused	by	a	localised	destruction	of	the	drain	and	the	source	contacts,	
interesting	 solely	 the	 area	 immediately	 under	 the	 TLP	 probe.	 The	 DC	 test	 and	 the	 IV	 curves	
confirmed	 that	 the	devices	were	damaged	only	 partially	 and	 locally,	 rather	 than	experiencing	 a	




















measured	after	 the	DSneg	 test	 show	 that	OFETs	are	 still	working.	 The	 features	of	DSneg-tested	














































































  Before TLP test






Pristine	 6.9±0.01	 -17.4±5.2	 0.9±0.16	

















 Vgs= 0 V - preTLP
 Vgs= -20 V - preTLP
 Vgs= -40 V - preTLP
 Vgs= -60 V - preTLP
 Vgs= -80 V - preTLP
 Vgs= 0 V - postTLP
 Vgs= -20 V - postTLP
 Vgs= -40 V - postTLP
 Vgs= -60 V - postTLP
 Vgs= -80 V - postTLP
Channel length 10 µm













 Vds= -20 V - pre TLP
 Vds= -80 V - pre TLP
 Vds= -20 V - post TLP


















5	 µm	 channel	 transistors	 are	 reported	 in	 Table	 5.	 The	mean	pulse	 duration	 pointed	 out	 by	 the	
system	was	92	ns.	RTLP	was	found	in	the	between	of	2.9	kΩ	and	2.66	kΩ.	There	is	no	a	channel	length	




	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.11±0.015	 269.7±20	 29.3±6.4	 2.7±0.6	 2.66±0.02	
10	µm	 0.14±0.047	 289.7±4.5	 41±14.5	 3.78±1.3	 2.75±0.05	





meaning	 the	 pulsed	 charges	 are	 mostly	 stagnating	 over	 the	 pad-interdigitated	 fingers	 metal	
connection	due	to	the	resistance	pulsed	charges	encounter	because	of	the	slow	reaction	and	the	
low	electron	mobility	of	the	polymer.	The	loss	of	functionality	the	DC	test	points	out	(Figure	3-25)	is	

























































	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.05±0.004	 193.3±11.8	 9.7±1.4	 0.87±0.13	 4.1±0.44	
10	µm	 0.056±0.003	 227.6±11.4	 12.6±1.4	 1.14±0.12	 3.6±0.07	
5	µm	 0.048±0.011	 245.7±3.4	 12.1±3	 1.08±0.27	 4.3±0.78	









  Before TLP test
  After TLP test
	 109	
The	DSneg10Vgbias	test	did	not	cause	a	fatal	damaging	of	tested	devices	(Figure	3-30).	The	negative	
injected	 pulsed	 charges	 cannot	 travel	 through	 the	 formed	 channel	 and,	 furthermore,	 are	 not	
favoured	to	travel	across	the	rest	of	the	polymer	either	since	holes	are	spread	over	the	upper	part	












































































  20 µm
  10 µm






Pristine	 5.67±0.45	 -15.4±6.4	 0.9±2.5	















  Before TLP test 





The	 DSPos-20Vgbias	 test	 caused	 a	 complete	 loss	 of	 the	 functionality	 in	 all	 tested	 devices.	 Such	
failures	are	due	to	a	damage	of	the	metal	lines	of	the	device.	In	this	configuration,	the	channel	of	
transistors	is	opened	so	allowing	the	pulsed	current	to	flow	through	the	device,	and	thus	to	directly	
discharge	over	 the	metal	 lines	of	 the	device	up	 to	 the	point	 at	which	 the	 latter	 are	 completely	
damaged.	The	ILEAK	measured	was	always	lower	than	110	µA,	hence	always	lower	than	the	failure	
leakage	current,	so	confirming	that	no	short-circuits	arise	because	of	the	test.	Furthermore,	the	ILEAK	





















  Vgs =    0 V - preTLP
  Vgs = -20 V - preTLP
  Vgs = -40 V - preTLP
  Vgs = -60 V - preTLP
  Vgs = -80 V - preTLP
  Vgs =    0 V - postTLP
  Vgs = -20 V - postTLP
  Vgs = -40 V - postTLP
  Vgs = -60 V - postTLP
  Vgs = -80 V - postTLP
Channel length 20 µm










 Vds= -20 V - preTLP
 Vds= -80 V - preTLP
 Vds= -20 V - postTLP








	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.11±0.01	 261.7±2	 28.5±2	 2.54±0.2	 2.4±0.04	
10	µm	 0.11±0.02	 252.7±3	 28.6±5	 2.56±0.5	 2.4±0.12	
5	µm	 0.15±0.04	 253±3	 38.6±11	 3.44±1	 2.2±0.11	
	
	Figure	3-32:	The	TLP	results	obtained	on	a	20	µm	channel	length	P3HT	OFET	in	drain-source	negative	pulses-20	V	bias	modality.	



































































  Before TLP test









devices.	 The	 ILEAK	measured	was	 always	 lower	 than	 44	 µA,	 hence	 always	 lower	 than	 the	 failure	
leakage	current	and	confirming	that	no	short	circuits	arise	due	to	the	test.	The	ILEAK	is	poorly	linear	
as	a	consequence	of	the	electrical	path	instability.	The	ITLP	vs	VTLP	graphs	(Figure	3-36)	pointed	out	






the	 TLP	 response	 (Figure	 3-37),	 since	 pulsed	 current	 is	 discharged	 locally	 and	 the	 channel	 of	
transistors,	 the	 behaviour	 of	 which	 is	 depending	 on	 geometrical	 parameters,	 is	 therefore	 not	






The	 IV	 curves,	 as	 the	DC	 test,	 show	 the	 functionality	 is	maintained	 after	 the	 test	 (Figure	 3-39).	





	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.062±0.008	 236±6.2	 14.7±2.4	 1.35±0.22	 3.7±0.04	
10	µm	 0.066±0.002	 241.7±13.6	 16.1±1.4	 1.48±0.13	 3.5±0.21	






Pristine	 4.72±3.41	 -16.7±1.1	 0.8±1.4	
















































































  Before TLP test
  After TLP test










  Vgs =    0 V - preTLP
  Vgs = -20 V - preTLP
  Vgs = -40 V - preTLP
  Vgs = -60 V - preTLP
  Vgs = -80 V - preTLP
  Vgs =    0 V - postTLP
  Vgs = -20 V - postTLP
  Vgs = -40 V - postTLP
  Vgs = -60 V - postTLP
  Vgs = -80 V - postTLP
Channel length 10 µm










 Vds= -20 V - preTLP
 Vds= -80 V - preTLP
 Vds= -20 V - postTLP




the	 trigger	 values	 found	 previously	 for	 the	 DSpos	 tests	 (3.2.2.3.1).	 This	 experiment	 aims	 at	




(Table	 11).	 In	 Figure	 3-9a,	 the	 characteristics	 of	 a	 pristine	 5	 µm	 channel	 length	 transistor	 are	
reported,	whilst	the	characteristics	of	the	same	transistor	measured	after	the	TLP-reduced	stress	
test	are	reported	in	Figure	3-9b.	The	pristine	values	of	the	mobility,	the	VTH	and	the	on/off	ratio	of	
the	 transistors	 were	 found	 equal	 to	 9.6	 ±	 1.5	 x10-3	 cm2/Vs,	 -17.1	 ±	 5.6	 V	 and	 9.6	 ±	 2.8x106	
respectively.	 The	 same	 transistor,	 once	 stressed	 via	 TLP	 events,	 features	 a	 mobility	 of		





















	 ITLP	(A)	 VTLP	(V)	 PTLP	(W)	 ETLP	(µJ)	 RTLP	(kΩ)	
20	µm	 0.044±0.001	 112±0.82	 4.9±0.07	 0.44±0.001	 2.54±0.04	
10	µm	 0.046±0.003	 112±0.81	 5.1±0.34	 0.45±0.003	 2.43±0.12	






Pristine	 9.6	±	1.5	 -17.1	±	5.6	 9.6	±	2.8	










from	 the	 TLP	 stressed	 samples	 by	 means	 of	 a	 sonication	 bath	 in	 acetone	 and	 another	 one	 in	
chlorobenzene,	both	during	10	mins,	and	built	new	P3HT	OFETs	using	fresh	P3HT	over	the	partially	
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  Vgs =    0 V - preTLP
  Vgs = -20 V - preTLP
  Vgs = -40 V - preTLP
  Vgs = -60 V - preTLP
  Vgs = -80 V - preTLP
  Vgs =    0 V - postTLP
  Vgs = -20 V - postTLP
  Vgs = -40 V - postTLP
  Vgs = -60 V - postTLP
  Vgs = -80 V - postTLP










 Vds= -20 V





















































































































conjugation	 length	 in	 poly(thiophene)	 rings	 as	 effect	 of	 the	 TLP	 tests,	 regardless	 of	 the	 pulse	
polarisation	or	the	gate	bias	applied.	The	peak	at	1381	cm-1	is	known	to	be	relatively	insensitive	to	






along	 the	 polymer	 backbone	 due	 to	 higher	 disorder	 degree	 that	 TLP	 caused.	 Although	 the	
DSneg10Vgbias	and	DSneg-20Vg	 spectra	were	not	 resulting	 significantly	altered	 in	 the	1515	cm-1	
peak,	they	are	in	the	1210	cm-1	and	728	cm-1	ones,	therefore	confirming	that	these	two	TLP	test	










































approximately	1	mm2.	 The	 ILEAK	 in	 these	 tends	 to	 follow	 linearly	 the	 ITLP	 up	 to	 the	 trigger	point,	











increasing	 of	 trapped	 charges	 within	 the	 device.	 Although	 pictures	 of	 the	 devices	 undergone	
negative	 pulses	 do	 not	 show	 superficial	 damages,	 the	 test	 carried	 out	 to	 study	 the	 effect	 of	 a	
reduced	 level	of	TLP	 stress,	namely	by	using	a	pulsed	energy	 lower	 than	0.45	µJ	 (3.2.2.3.7)	and	





traps	 for	 charges	 so	 causing	 the	 on/off	 reduction	 and	 the	 threshold	 voltage	 shift	 observed[99].	













charges	within	 the	polymer	 at	 the	moment	 of	 the	 pulse	 striking.	 The	position	of	 the	 charges	 is	





the	 gate	 and	 the	 drain	 in	 which	 a	 vertical	 field	 instead	 takes	 place.	 To	 flow	 through	 the	
semiconductor,	 the	pulsed	horizontal	 field	must	overcome	the	vertical	one	and	this	explains	the	
channel	length	effect,	since	a	shorter	channel	requires	lower	values	of	pulsed	current	to	generate	a	
horizontal	 field	 able	 to	 overcome	 the	 vertical	 one.	 Furthermore,	 the	 need	 to	 move	 charges	
according	 to	 the	 pulsed	 field,	 limiting	 at	 each	 replica	 the	 stimulus	 for	 a	 period	 of	 time	 of	
approximately	100	ns,	determines	the	trigger	point	to	take	place	for	higher	values	of	ITLP	and	VTLP	in	
this	TLP	mode,	as	observed	in	the	DSpos	test.		
















Upon	negative	pulses,	 regardless	of	 the	applied	bias	 to	 the	gate,	 the	pulsed	charges	are	mostly	
locally	confined	and	dissipated	over	the	limited	portion	of	the	source	pad	area	delimited	by	the	TLP	















DSneg-20Vgbias	 are	 similar	 and	 are	 defined	 by	 the	metal	 pad	 itself	 that	 is	 able	 to	 withstand	 a	
maximum	value	of	roughly	1.5	µJ	over	a	localised	area	of	approximately	1	mm2.		
Interestingly,	RTLP	in	correspondence	of	positive	pulses	is	generally	lower	than	the	value	found	in	











the	devices	 take	place	starting	 from	a	pulsed	energy	of	0.7	µJ	and	 that	 the	 ITLP	and	 the	VTLP	are	
required	to	be	lower	than	0.037	A	and	181	V,	respectively.	A	proper	design	of	ESD	protections	is	
beyond	the	aims	of	this	thesis	
Raman	spectra	confirmed	 that	TLP	causes	a	damage	of	 the	P3HT	polymer	 in	 correspondence	of	
















drain-source	 in	 both	 polarities	 with	 an	 applied	 bias	 of	 10	 V	 on	 the	 gate	 (DSpos10Vgbias	 and	
DSneg10Vgbias);	(iii)	drain-source	in	both	polarities	with	an	applied	bias	of	-20	V	on	the	gate	(DSpos-
20Vgbias	and	DSneg-20Vgbias).	The	results	of	these	tests	are	the	object	of	this	section	and	they	will	
be	 reported	 following	 the	 same	 division-criteria	 as	 done	 for	 P3HT	 in	 the	 previous	 section.	 The	
experimental	metrics	used	to	obtain	both	the	TLP	parameters	and	the	electrical	parameter	are	the	
same	adopted	for	the	P3HT	and	in	3.2.2.3	described.		3.2.3.2.1 Positive	Drain-source-no	gate	bias	(DSpos)	
The	DSpos	 test	 results	 fatally	damaging	 to	PBTTT	OFET	devices.	 The	maximum	 ILEAK	registered	 is	
97	µA,	by	far	lower	than	the	IFAIL	threshold	(0.5	mA)	and	its	shape	underlines	a	progressive	loss	of	
the	current	conductance	across	the	DUT,	mostly	due	to	a	damage	of	the	interdigitated	patterns.	The	










by	 a	 complete	 loss	 of	 the	 current	 conductance.	 Figure	 3-48	 shows	 the	 metal	 lines	 of	 the	
interdigitated	 pattern	 damaged	 after	 the	 TLP	 tests.	 No	 post	 TLP	 electrical	 characterization	 is	
performed	since	no	working	devices	are	left.		
	 Table	13:	The	TLP	parameters	of	the	DSpos	tested	PBTTT	OFETs.	
	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.157±0.006	 301±4.64	 47.2±2.51	 4.25±0.23	 2.16±0.05	
10	µm	 0.231±0.004	 295±1.63	 68.16±1.51	 6.13±0.13	 1.76±0.26	








































































  Before TLP test


























	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.04±0.005	 219±10.4	 8.67±1.5	 0.79±0.14	 5±0.15	
10	µm	 0.05±0.004	 254±4.1	 12.75±1.2	 1.16±0.11	 5.2±0.05	






Pristine	 6.04±1.42	 -9.06±2.2	 5.3±0.6	








































































  Before TLP test
  After TLP test












  Vgs =    0 V - preTLP
  Vgs = -20 V - preTLP
  Vgs = -40 V - preTLP
  Vgs = -60 V - preTLP
  Vgs = -80 V - preTLP
  Vgs =    0 V - postTLP
  Vgs = -20 V - postTLP
  Vgs = -40 V - postTLP
  Vgs = -60 V - postTLP
  Vgs = -80 V - postTLP
Channel length 20 µm
















 Vds= -20 V









the	 ILEAK	 that	 is	progressively	reduced	during	the	TLP	test	before	the	trigger	point	and	no	 longer	
following	linearly	the	ITLP	afterwards.	The	joint	effect	of	the	clear	snapback	and	of	the	ILEAK	reduction	







	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.17±0.006	 297±1.6	 51.04±2.06	 4.65±0.19	 1.8±0.04	
10	µm	 0.22±0.012	 285±6.4	 65±4.81	 5.91±0.44	 1.7±0.02	








































































  Before TLP test

































	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.25±0.21	 184±34	 46.41±54.1	 4.22±4.9	 4±0.2	
10	µm	 0.57±0.37	 154.7±18	 88±74.5	 8.01±6.8	 2.6±0.3	














































































































  Before TLP test
  After TLP test












  Before TLP test







length).	However,	a	 significant	degradation	was	observed	 in	 the	 rest	of	 the	samples	 tested.	The	
response	to	the	pulsed	energy	of	the	PBTTT	is	hence	different	to	what	observed	in	the	case	of	P3HT	











circuited.	 The	 TLP	 parameters	 were	 calculated	 and	 in	 Table	 18	 are	 reported.	 There	 is	 a	 feeble	
channel	length	dependence	of	such	parameters	with	the	decreasing	of	the	channel	length	(Figure	
3-63).	 The	 DC	 tests	 (Figure	 3-64)	 confirmed	 the	 failure	 of	 one	 of	 the	 devices	 whilst	 a	 kept	
functionality	in	the	others.	Therefore,	the	devices	withstanding	the	TLP	test	eventually	resulted	only	
reduced	 in	 their	electrical	 features.	Pictures	 (Figure	3-66)	of	 the	devices	do	not	show	superficial	
damages,	except	in	the	broken	one	that	appears	burnt	in	some	spots	over	the	metal	lines.	The	IV	








	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.16±0.01	 276±12	 45.92±5.16	 4.13±0.5	 1.9±0.06	
10	µm	 0.19±0.03	 259±10	 51.78±9.78	 4.66±0.8	 1.3±0.09	






Pristine	 3.94±0.3	 -9.22±2.7	 2.4±0.2	










































































  Before TLP test
  After TLP test













  Before TLP test















The	DSneg-20Vgbias	 test	 did	 not	 cause	 the	 failure	 of	 the	 tested	 devices.	 An	 explanation	 to	 this	
behaviour	 lies	 into	the	pulsed	energy	not	finding	a	chance	to	flow	through	the	devices	since	the	
polarisation	of	the	device	is	opposite	to	the	pulsed	charges	and	therefore	creating	a	barrier	that	

















  Vgs =    0 V - preTLP
  Vgs = -20 V - preTLP
  Vgs = -40 V - preTLP
  Vgs = -60 V - preTLP
  Vgs = -80 V - preTLP
  Vgs =    0 V - postTLP
  Vgs = -20 V - postTLP
  Vgs = -40 V - postTLP
  Vgs = -60 V - postTLP
  Vgs = -80 V - postTLP
Channel length 20 µm













 Vds= -20 V





	 ITR	(A)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
20	µm	 0.07±0.002	 256.6±4.7	 19.22±0.9	 1.77±0.08	 3.9±0.08	
10	µm	 0.064±0.003	 247±10.2	 15.86±1.5	 1.46±0.14	 3.9±0.14	


















































































  Before TLP test























  Vgs =    0 V - preTLP
  Vgs = -20 V - preTLP
  Vgs = -40 V - preTLP
  Vgs = -60 V - preTLP
  Vgs = -80 V - preTLP
  Vgs =    0 V - postTLP
  Vgs = -20 V - postTLP
  Vgs = -40 V - postTLP
  Vgs = -60 V - postTLP
  Vgs = -80 V - postTLP
Channel length 20 µm














 Vds= -20 V


















































































































mode	 (Cβ-Cβ	 intra-ring	 stretching)	 at	 1393	 cm-1,	 the	 thienothiophene	 C=C	 stretch	 mode		
(Cγ=Cγ	intra-ring	stretching)	at	1418	cm-1,	the	inter-ring	C-C	stretch	mode	(Cα-Cα	inter-ring	stretching)	
at	 1463	 cm-1	 and	 the	 thiophene	 C=C	 stretch	 mode	 (Cα=Cβ	 intra-ring	 stretching)	 at		
1493	cm-1[10],[169],	[170].	The	region	of	this	portion	within	1350	cm-1	and	1550	cm-1	is	also	referred	
as	the	C=C-C	ring	stretch	region[10].	Such	peaks	are	visible	in	Figure	3-74	(above).		
The	 analysis	 of	 the	 portion	 600-1250	 cm-1	 is	 characterised	 by	 the	 C-C	 inter-ring	 stretch	 mode	
(Cα-Cα	stretching)	at	1208	cm-1,	the	C-H	bending	plus	a	C-C	inter-ring	stretch	mode	at	1180	cm-1,	the	








DSpos-20Vgbias	 tested	 devices	 maintained	 their	 functionality.	 Interestingly,	 the	 DSneg,	 the	









3.5	 µJ	 and	 7.8	 µJ	 pointing	 out	 that	 any	 positive	 pulse	 equal	 or	 higher	 in	 energy	 than	 3.5	 µJ	
permanently	damages	but	not	necessarily	causes	a	complete	failure	of	PBTTT	OFETs.		
The	DSneg	 and	DSneg-20Vgbias	 tests	 have	 similar	 outcomes	 in	 terms	 of	measured	 ETR	 and	 ILEAK	































concentrated	 towards	 the	drain	and	 the	 source	contacts.	 In	 such	conditions,	 the	channel	of	 the	




























The	 RTLP	 was	 found	 to	 be	 between	 0.74	 kΩ	 (DSpos10Vgbias)	 and	 2.2	 kΩ	 (DSpos)	whenever	 the	
applied	pulses	were	positive	between	the	drain	and	the	source,	with	the	higher	values	found	for	the	































pulses	 (0.45	 µJ).	 I	 hence	 characterised	 the	 devices	 stressed	 in	 such	 way,	 finding	 out	 a	 tenfold	
lowering	 in	 the	 charge	 mobility	 and	 in	 the	 on/off	 ratio	 values	 of	 these	 devices	 along	 with	 a	
displacement	towards	positive	values	of	the	VTH.	I	also	assessed	the	effect	of	an	annealing	(90°	for	
40	minutes)	on	the	TLP-stressed	transistors	finding	that	this	treatment	is	not	particular	beneficial	to	
the	devices.	 Eventually,	 I	washed	away	 the	polymer	 layer	 from	 the	 stressed	TLP	 substrates	 and	








according	 to	 the	 latter	 case,	 the	device	 channel	 is	 opened	 and	 the	PBTTT	dissipates	 the	pulsed	
energy	mostly	by	letting	this	flowing	through	the	device	and	only	partially	by	heating	the	substrate	
metal	lines.	In	correspondence	of	the	negative	applied	pulses	and	the	gate	kept	grounded	or	biased	






The	 linear	 conjugated	 co-monomer,	 thieno[3,2-b]thiophene,	 facilitates	 the	 adoption	of	 the	 low-
energy	 backbone	 conformation	 and	 hence	 provides	 more	 conformational	 back-bone	 stability.	
Furthermore,	 the	 low	 side-chain	 attachment	 density	 (half	 than	 in	 P3HT)	 permits	 interdigitation	























In	 Table	 21	 are	 reported	 the	 Von,	 the	 maximum	 emission	 wavelength	 (λmax),	 the	 EQE	 and	 the	



















	 Von	(V)	 λmax	(nm)	 EQE	(%)	 Max-L	(Cd/m2)	
Pristine	 3.63±0.34	 551±2	 0.786±0.013	 3492±507	








Interestingly,	 during	 the	 ACpos	 tests,	 OLEDs	were	 switched	 on	 by	 the	 applied	 pulses	 and	 their	
luminance	 increased	 with	 the	 pulse	 amplitude.	 The	 explanation	 lies	 in	 the	 pulsed	 charges	
recombination	taking	place	within	few	nanoseconds,	whilst	the	pulses	elapse	for	~100	ns,	and	in	
































 Vac  no bias TLP sample1
 Vac  no bias TLP sample2
 Vac  no bias TLP sample3
 Vac 15 V bias TLP
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 pristine











































































	 VTR	(V)	 ITR	(A)	 ETR	(µJ)	 RTLP	(Ω)	
ACpos	 x	 x	 x	 98±3	
ACneg	 238±64	 1.1±0.7	 24.8±18	 216±100	
ACpos8Vbias	 80±14	 2.1±0.5	 16.1±6	 34.3±2	
ACneg8Vbias	 52±2	 1.1±0.1	 5.1±0.1	 46.5±2	
ACpos15Vbias	 120±3	 3.5±0.1	 38.5±2.2	 36.9±6	














 pos TLP 
 neg TLP
TLP Vac no bias























In	 Figure	 3-79	 are	 reported	 the	 TLP	 graphs	 of	 the	 ACpos8Vbias	 and	 ACneg8Vbias	 tests.	 The	
	ITLP	vs	 ILEAK	graphs	reveal	that	 in	both	cases	the	 ILEAK	test	was	not	passed,	with	the	 ILEAK	reaching	
















































TLP test Vac bias 8V
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In	 Figure	 3-80	 are	 reported	 the	 TLP	 graphs	 of	 the	 ACpos15Vbias	 and	 ACneg15Vbias	 tests.	
Interestingly,	one	of	the	pixel	tested	according	the	Acpos15Vbias	test	resulted	still	able	to	switch	on	
and	 emit	 light,	 although	 its	 photoelectrical	 features	 are	 worsened.	 The	 other	 devices	 tested	




and	 in	 one	 case	 (the	 pixel	 switching	 on	 afterwards),	 no	 failure	 takes	 place.	 Instead,	 in	 the	
ACneg15Vbias	 the	 ILEAK	 overcomes	 the	 IFAIL	 for	 much	 lower	 values	 of	 pulsed	 energy.	 The	


















































































 Pristine DC curve
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forming	 within	 the	 device.	 In	 fact,	 low-resistive	 localised	 domains	 arise	 within	 the	 polymer,	
reasonably	due	to	the	increase	of	trapped	charges	because	of	the	diffusion	within	the	polymer	of	
Ca	and	PEDOT:PSS	molecules	 from	electrodes,	 favoured	upon	formation	of	small	cracks	 into	the	
active	 layer	 heated	 up	 by	 the	 pulsed	 energy.	 Such	 low-resistive	 paths	 reduce	 the	 likelihood	 for	
injected	charges	to	successfully	recombine,	and	therefore	make	the	active	 layer	more	and	more	
metallic	by	lowering	both	γ	and	ηPL.	This	interpretation	and	the	presence	of	such	phenomena	are	
corroborated	 by	 Figure	 3-81	 that	 shows	 how	 devices	 are	 changing	 their	 behaviour	 from	
semiconducting	 to	metallic	 after	 the	 TLP	 tests,	 especially	 in	 tests	 involving	 a	Vac	 bias.	However,	








mobility	 featured	 by	 this	 material	 causes	 the	 negative	 pulses	 to	 result	 more	 damaging,	 as	
corroborated	by	 the	 lower	values	of	 trigger	energy	and	by	 the	higher	values	of	RTLP	observed	 in	
















and	 lower	 than	 50	Ω	 in	 4	 out	 of	 6	 carried	 out	 tests.	 Therefore,	 these	 devices	 could	 act	 as	 ESD	
protection	 as	well.	 In	 case	 ESD	protections	 need	 to	 be	 designed	 for	 these	 devices,	 ETR	must	 be	





the	 anode	 and	 the	 cathode	 and	 when	 the	 OLEDs	 are	 on	 according	 a	 bias	 of	 8	 V	 and	 of	 15	 V.	
Interestingly,	no	trigger	points	at	all	were	observed	in	the	case	of	positive	pulses	applied	over	no-







test.	 However,	 its	 photoelectric	 features	 resulted	 particularly	 worsened,	 as	 its	 Von	 that	 from	 a	
pristine	value	of	3.6	V	eventually	resulted	as	high	as	7.23	V.	All	the	other	tests	caused	the	failure	of	
the	devices,	which	turned	over	a	resistive	behaviour	afterwards.	Therefore,	TLP	tests	enhance	the	
conductivity	 of	 the	 active	 layer	 of	 devices	 forcing	 them	 to	 lose	 a	 junction-behaviour	 and	 such	
	 170	
procedure	is	more	remarkable	in	devices	biased	and	tested	with	negative	pulses.	Nonetheless,	the	







incurring	 into	 permanent	 damages.	 Furthermore,	 the	 photovoltaic	 parameters	 of	 such	 devices	
result	improved	with	a	final	η	increased	of	roughly	14%	respect	to	the	pristine	ones.	On	the	other	
hand,	the	same	devices	resulted	much	weaker	in	the	case	of	negative	applied	pulses.	Interestingly,	
OPVs	 can	 act	 as	 ESD	 protections,	 seen	 the	 values	 of	 RTLP	 spanning	 between	 10	 Ω	 and	 214	 Ω.	
Otherwise,	OPVs	protections	must	avoid	incoming	ESD	to	overcome	a	pulsed	energy	of	0.32	µJ,	an	
ITLP	of	0.13	A	and	a	VTLP	of	29	V.			




between	the	drain	and	 the	gate	of	 the	OFETs	 leaving	 the	source	unconnected.	The	electrostatic	
discharges	 are	 particularly	 destructive	whenever	 these	 involve	 the	 silicon	 oxide	 of	 the	 devices,	
pointing	 out	 the	 necessity	 to	 adopt	 ESD	 protections.	 Tests	 involving	 the	 drain	 and	 the	 source	
resulted	particularly	damaging	for	the	interdigitated	patterns	and	the	metal	contacts,	regardless	of	
the	applied	gate	bias.	A	snapback	region	in	the	ITLP-VTLP	curves	of	both	P3HT	and	PBTTT	OFETs	were	






























semiconductors	 are	 known	 for[5],	 [180],	 combined	 with	 cheap	 and	 large-area	 manufacturing	















response	 to	 both	 ESD	 and	neutrons	 irradiation	of	 electronic	 circuits	 and	materials	 used	 in	 such	
environments	 becomes	 very	 important.	 Interestingly,	 few	 studied	 so	 far	 have	 been	 published	
regarding	conjugated	polymer-based	devices	exposed	to	neutrons	irradiation	and	all	of	them	were	
obtained	within	the	joint	research	carried	out	by	Dr.	Paternò,	Dr.	Garcia-Sakai	and	Prof.	Cacialli[10],	
















and	P3HT:PCBM	OPVs	were	obtained	 in	 the	VESUVIO	beamline	within	 the	RAL	 laboratories.	The	
neutrons	energy	spectrum	featured	by	this	beamline	is	described	in	section	2.7.	
At	the	best	of	my	knowledge,	the	work	regarding	the	combined	effects	of	TLP	stress	and	neutrons	










According	 the	 energy	 spectrum	 of	 neutrons	 generated	within	 the	 VESUVIO	 beamline	 (2.7),	 the	

















in	 particular	 the	 mobility	 mean	 value	 is	 reduced	 of	 a	 another	 80%,	 the	 curves	 shape	 are	
characterised	by	lower	values	of	current,	the	VTH	mean	value	closes	to	the	0	of	another	4	V	and	the	











Pristine	 6.9±0.01	 -17.4±5.2	 0.9±0.16	
T1	 0.72±0.01	 -11.8±2.3	 0.022±0.003	
T2	 0.124±0.01	 -7.2±1.3	 0.018±0.002	


















 Vds= -80 V - pristine
 Vds= -80 V - T1
 Vds= -80 V - T2
 Vds= -80 V - T3












  Vgs = -80 V - pristine
  Vgs = -80 V - T1
  Vgs = -80 V - T2
  Vgs = -80 V - T3




























ITR	(mA)	 VTR	(V)	 PTR	(W)	 ETR	(µJ)	 RTLP	(kΩ)	
T1	
20	µm	 254.4±16	 368±4	 93.8±7.2	 8.05±0.62	 5±1.4	
10	µm	 71.6±43	 363±5	 26±16.4	 2.2±0.14	 4.5±0.4	
5	µm	 70.2±37	 317±5	 22.3±1.5	 1.9±0.13	 4.7±0.2	
T2	
20	µm	 5.67±1	 68.9±18	 0.4±0.2	 0.033±0.02	 10.3±2	
10	µm	 5.1±3	 108.2±21	 0.55±0.5	 0.047±0.04	 21.6±2.2	
5	µm	 6.5±2	 103.4±17	 0.67±0.4	 0.058±0.03	 15.7±2.4	
T3	
20	µm	 3.1±1	 76.4±15	 0.24±0.2	 0.023±0.01	 21±3.1	
10	µm	 5.4±2	 77.3±13	 0.42±0.2	 0.036±0.02	 14.5±4.2	
5	µm	 5.1±2	 107.4±13	 0.54±0.2	 0.046±0.02	 21.3±5	
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TLP	parameters	reveal	how	T2	and	T3	dramatically	reduce	P3HT	OFETs	robustness	to	TLP	stress.	In	
fact,	 the	minimum	ETR	value	 found	for	T1	treated	OFETs	 is	3.1	µJ,	whereas	 in	T2	and	T3	treated	
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spectra	 taken	 from	 a	 pristine	 device.	 Spectra	 are	 normalised	 respect	 to	 the	 peak	 at	 1445	 cm-1,	
generated	 in	P3HT	spectra	by	the	stretching	of	the	 in	plane	double	bond	C=C	(Cα=Cβ	stretching).	











































































































of	 the	 P3HT	 Raman	 spectrum	 is	 sensitive	 to	 π-electron	 delocalisation	 and	 structural	 order	
degradation.	In	Figure	4-4a,	these	three	peaks	are	clearly	depicted.	The	portion	600-1300	cm-1	is	
characterised	by	a	C-C	inter-ring	stretch	mode	(Cα-Cα’	stretching)	at	1208	cm-1,	by	a	C-H	bending	(Cβ-
H	 bending)	 at	 1090	 cm-1	 and	 at	 1182	 cm-1,	 by	 a	 C-Calkyl	 stretch	 mode	 (Cβ’-Calkyl	 stretching)	 at		
997	 cm-1,	 a	 C-S-C	 (Cα-S-Cα’)	 deformation	mode	 at	 724	 cm-1and	 at	 683	 cm-1.	 These	peaks	 can	be	
appreciated	in	Figure	4-5b.		
Analysing	the	portion	1250-1700	cm-1	first,	a	remarkable	broadening	of	1445	cm1	peak	is	reported	
in	 all	 the	 spectra	 represented.	 The	portion	of	 the	 spectra	 between	 the	peaks	 at	 1445	 cm-1	 and	
1381	cm-1	is	characterised	by	a	low-energy	wing	of	the	C=C	symmetric	stretching	localised	at	the	
1430	 cm-1.	 This	 phenomenon	 is	 reported	 in	 literature	 as	 consequent	 to	 the	 transition	 from	 an	
ordered	to	a	disordered	molecular	organisation,	usually	due	to	the	oxidation	of	the	P3HT	chains,	
and	 resulting	 in	 a	 quinoid	 form	 of	 the	 P3HT[10],	 [137].	 Oxidation	 can	 affect	 these	 devices	
independently	of	neutrons	 irradiation.	However,	Raman	 spectra	 collected	 from	pristine	devices,	
built	during	the	same	fabrication	session	of	 the	tested-ones,	stored	the	same	 interval	of	 time	 in	
analogous	conditions	of	the	tested-ones	and	analysed	at	the	Raman	spectroscope	within	the	same	








to	 polymer	 chains.	 The	 formation	 of	 these	 no-coplanar	 segments	 is	 also	 responsible	 for	 the	




Such	 peaks	 are	 particularly	 broader	 for	 samples	 DSpos	 stressed	 that	 were	 previously	 treated	
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according	 T3	 dose,	 therefore	 pointing	 out	 a	 strong	 C-S-C	 deformation	 in	 such	 samples.	 The	
enhancement	of	the	peaks	at	1182	cm-1	and	at	870	cm-1	are	both	connected	to	a	weakening	of	P3HT	














more	 and	more	 evident	 with	 the	 increase	 of	 neutrons	 irradiation	 dose,	 shows	 that	 the	 overall	
degradation	that	polymer	chains	suffer	because	of	neutrons	overcomes	by	far	the	benefits	due	to	
the	formation	of	localised	states	because	of	induced	defects.	Furthermore,	as	seen	in	the	Raman	
spectra,	 P3HT	 molecular	 stability	 is	 dramatically	 decreased	 and	 de-doping	 and	 consequent	
formation	 of	 dication	 species	 take	 place,	 rendering	 neutron-induced	 doping	 de	 facto	
irrelevant[188].	 Neutron-induced	 damages	 mostly	 consist	 in	 ionisation	 by	 nuclear	
reactions/collisions	or	 in	recoil,	resonances	or	cleavage	events.	 Ionisation	events	originates	from	
direct	 neutron-nucleus	 collisions	 and	 involve	 fast	 neutrons	 (>	 0.1	MeV).	 Recoil,	 resonances	 and	













sort	 of	 plateau	 phase	 in	 which	 its	 progression	 is	 slowed	 down.	 TLP	 parameters	 obtained	 from	
devices	 neutrons	 aged	 according	 T1,	 are	 similar	 with	 those	 observed	 for	 P3HT	 OFETs	 tested	
according	the	DSpos	test	described	in	section	3.2.2.3.1.	However,	comparing	these	two	cases,	the	


















(T1),	 12	 hrs	 (T2)	 and	 24	 hrs	 (T3),	 by	 taking	 advantage	 of	 VESUVIO	 beamline	 within	 the	 pulsed	
neutron	 source	 ISIS,	RAL	 labs	 in	 the	Oxfordshire.	 Such	doses,	 according	 the	energy	 spectrum	of	
neutrons	generated	in	the	VESUVIO	beamline,	are	equivalent	to	the	exposure	equipment	undergo	








increase	of	 the	dose.	 In	 particular,	 a	 strong	C-S-C	 distortion	 is	 pointed	out	 in	 T3	 treated	doses.	
Furthermore,	given	 the	nature	of	 the	 fluence	generated	within	 the	VESUVIO	beamline,	which	 is	
mostly	characterised	by	epithermal	neutrons,	collisions,	resonances	and	cleavage	are	caused	by	the	
scattering	of	such	neutrons	with	highly	hydrogenated	active	layer	of	OFETs.		
Devices	 treated	according	T1	were	showing	an	acceptable	 level	of	 resiliency	 to	TLP	stress.	Their	
electrical	 features,	 as	 shown	 in	 other	 studies[10],	 can	 be	 recovered	 by	 means	 of	 a	 thermal	
annealing.	Therefore,	these	devices,	provided	of	ESD	protections	designed	as	specified	in	3.2.2.5,	





hardening	period,	 solar	 cells	were	exposed	 to	a	 lamp	 (tungsten	halogen	LS-1-CAL	Ocean	Optics)	
providing	a	 light	 intensity	of	0.8	Sun	(800	W/m2).	Every	15	minutes,	 JV	curves	and	photovoltaics	
parameters	of	 exposed	 cells	were	measured.	 In	 this	way,	 a	 continuous	monitoring	of	 neutrons-
induced	 degradation	 of	 OPVs	 in-operando	 conditions	 was	 obtained.	 Solar	 cells	 were	 fabricated	
according	the	procedure	described	in	2.2	and	characterised	as	described	in	2.2.1.	The	results	here	
reported	were	obtained	out	of	three	samples.	The	graphs	displayed	are	representative	of	all	devices.		
According	 the	 energy	 spectrum	 of	 neutrons	 generated	within	 the	 VESUVIO	 beamline	 (2.7),	 the	








open-circuit	 voltage	 (Voc),	 the	 fill	 factor	 (FF)	 and	 the	power	 conversion	 efficiency	 (η),	measured	
before	and	after	exposure	to	neutrons	 irradiations	for	a	period	of	8	hrs.	 JV	curves	of	one	of	the	
sample	measured	before	and	after	 the	neutrons	 irradiation	are	reported	 in	Figure	4-6.	Both	the	





	 Jsc	(mA/cm2)	 Voc	(V)	 FF	 η	(%)	
Sample	1-pre	n.h.	 8.4	 0.57	 0.49	 2.37	
Sample	1-post	n.h.	 7.87	 0.54	 0.44	 1.86	
Sample	2-pre	n.h.	 8.65	 0.59	 0.51	 2.57	
Sample	2-pre	n.h.	 8.11	 0.54	 0.45	 2.01	
Sample	3-pre	n.h.	 8.35	 0.58	 0.49	 2.51	
Sample	3-pre	n.h.	 7.5	 0.54	 0.44	 1.94	
Mean	variation	(%)		
pre-after	n.h.	
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encounter	at	the	electrodes	are	 increased	by	the	neutrons	 irradiation.	 In	fact,	electrodes	can	be	
significantly	altered	because	of	fast	neutrons	(>0.1	MeV)	causing	cleavage	or	recoil.	The	decrease	
of	 the	 Voc	 is	 linked	 with	 the	 RSH,	 which	 represents	 the	 resistance	 across	 the	 active	 layer.	 Such	
















I	 exposed	 to	 neutrons	 irradiation	 P3HT:PCBM	 samples	 according	 a	 period	of	 8	 hrs.	During	 such	
period	of	exposure,	samples	receive	the	same	quantity	of	neutrons	they	would	receive	in	80	years	
on	ISS.	Samples	were	exposed	to	neutrons	irradiation	while	left	in	operando	conditions,	i.e.	samples	
were	exposed	 to	an	 impinging	 light	equivalent	 to	0.8	Sun	and	 their	photovoltaics	 features	were	
constantly	monitored	throughout	the	neutrons	irradiation.	Curves	measured	during	the	exposure	
reveal	a	progressive	reduction	of	all	photovoltaics	parameters.	Interestingly,	such	degradation	is	not	
linearly	 dependent	 with	 the	 time	 of	 exposure,	 on	 the	 contrary	 the	 highest	 reduction	 of	 the	
photovoltaic	 performance	 parameters	 is	 concentrated	 within	 the	 first	 hour	 of	 exposure.	 For	
instance,	the	η	is	reduced	of	almost	the	6%	within	the	first	hour	but	only	by	0.9%	between	the	7th	
	 190	
and	 the	 8th	 hour.	 The	 reason	 that	 explains	 such	 phenomenon	 lies	 in	 the	 lattice	 progressively	
requiring	a	higher	energy	to	allow	further	neutrons-induced	defects.	In	total,	the	mean	reduction	
by	 JSC,	Voc,	 FF	and	η	 is	equal	 to	 the	6.67%,	by	7.03%,	by	10%	and	by	22.13%,	 respectively.	 Such	
alterations	can	be	ascribed	to	a	joint	effect	of	the	decrease	of	the	resistance	across	the	device	active	











In	 this	 chapter,	 I	 reported	 on	 the	 results	 I	 obtained	 from	 two	 experiment	 involving	 neutron	
irradiations.	 To	 carry	 out	 these	 experiments,	 I	 took	 advantage	 of	 VESUVIO	beamline	within	 the	
pulsed	neutron	 source	 ISIS,	 RAL	 labs	 in	 the	Oxfordshire.	 The	energy	 spectrum	of	 the	 generated	
neutron	within	 this	 source	 is	 characterised	 by	 a	 higher	 fluence	 of	 epithermal	 neutrons	 (2×1015	
neutrons	cm−2)	 than	 fast	neutrons	 (>	0.1	MeV)	 (7.8	×	108	 cm−2).	This	enhances	 the	 likelihood	of	
recoil,	resonances	and	cleavage	rather	than	ionisation	in	samples	treated	accordingly.	Furthermore,	





parameters	 of	 transistors,	 especially	 the	mobility	 that	 suffers	 a	 tenfold	 reduction,	 and	 to	 lower	
resiliency	to	TLP	stress	of	P3HT	OFETs.	Both	TLP	parameters	and	electrical	parameters	were	found	
to	dramatically	decrease	passing	from	T1	to	T2,	whilst	a	further	reduction	takes	place	between	T2	
and	 T3.	 Raman	 spectra	 show	 P3HT	 suffers	 of	 a	 progressive	 structural	 order	 reduction	with	 the	
increase	of	 the	dose.	 In	 particular,	 a	 strong	C-S-C	 distortion	 is	 pointed	out	 in	 T3	 treated	doses.	
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neutrons	 irradiation.	 A	 massive	 employment	 of	 organic	 solar	 cells	 for	 spacecraft	 applications,	
considering	also	all	the	other	well-known	properties	organic	semiconductors	are	characterised	of,	






















tested	by	means	 of	 positive	 pulses	withstand	 currents	 higher	 than	 3	A,	 dissipating	 an	 incoming	
power	 higher	 than	 800	 W	 without	 incurring	 into	 permanent	 damages.	 Furthermore,	 the	
photovoltaic	parameters	of	such	devices	result	improved	with	a	final	η	increased	of	roughly	14%	
respect	to	the	pristine	ones.	On	the	other	hand,	the	same	devices	resulted	much	weaker	in	the	case	
of	negative	applied	pulses.	OPVs	can	act	as	ESD	protections	due	 to	 the	 low	values	of	RTLP	 these	





per	 each	 of	 these	 gate	 biases.	 Furthermore,	 I	 characterised	 the	 response	 to	 TLP	 pulses	 applied	
between	the	drain	and	the	gate	of	the	OFETs	leaving	the	source	unconnected	and	by	using	both	










close	 or	 higher	 than	 1	 kΩ,	 too	 high	 to	 suggest	 these	 devices	 as	 ESD	 protections.	 Instead,	 ESD	
protections	need	to	be	designed	for	these	devices.	Protections	between	drain	and	source	require	
to	comply	with	these	criteria:	maximum	allowed	ETLP	=	0.65	µJ;	maximum	allowed	ITLP	=	0.037	A;	







of	 the	active	 layer	of	devices	while	at	 the	 same	 time	disrupting	 their	 rectifying	behaviour.	 Such	
process	 is	more	evident	 in	devices	biased	and	tested	with	negative	pulses.	Nonetheless,	 the	TLP	
parameters	 found	 for	F8BT	OLEDs	 reveal	unexpected	robustness	 to	ESD	events	of	 these	devices	
that,	due	to	low	value	of	RTLP,	can	also	be	used	as	ESD	protections.		





dealing	 with	 more	 fragile	 samples.	 X-ray	 photoelectron	 spectroscopy	 (XPS)	 could	 help	 in	
understanding	if	molecules	from	other	layers	migrate	into	the	active	layers	of	OPVs	and	OLEDs	upon	




The	 energy	 spectrum	 of	 the	 generated	 neutron	within	 this	 source	 is	 characterised	 by	 a	 higher	
fluence	of	epithermal	neutrons	(2×1015	neutrons	cm−2)	than	fast	neutrons	(>	0.1	MeV)	(7.8	×	108	
cm−2).	 This	 enhances	 the	 likelihood	 of	 recoil,	 resonances	 and	 cleavage	 rather	 than	 ionisation	 in	
samples	treated	accordingly.	Furthermore,	the	quantity	of	neutrons	characterised	by	an	energy	of	








with	 the	 increase	 of	 the	 dose.	 Nevertheless,	 devices	 treated	 according	 T1	 were	 showing	 an	





0.8	Sun.	The	photovoltaics	 features	of	 these	devices	were	constantly	monitored	 throughout	 the	
neutrons	 irradiation.	Curves	measured	during	 the	exposure	 reveal	a	progressive	 reduction	of	all	
photovoltaics	parameters.	Such	degradation	is	not	linearly	dependent	with	the	time	of	exposure,	
since	the	lattice	progressively	requires	a	higher	energy	to	allow	further	neutrons-induced	defects.	
In	 total,	 the	 reduction	 of	 the	 JSC,	 Voc,	 FF	 and	 η	 is	 by	 6.67%,	 by	 7.03%,	 by	 10%	 and	 by	 22.13%,	
respectively.	Such	alterations	can	be	justified	as	a	synergistic	effect	of	the	decrease	of	the	resistance	
across	the	device	active	layers	and	of	the	increase	of	recombination	of	charges	taking	place	within	
the	 polymer	 in	 dark	 condition.	 These	 phenomena	 are	 caused	 by	 neutron-induced	 doping	 and	
enhancement	of	the	concentration	of	charge	traps	because	of	ionisation.	Furthermore,	an	increase	
of	 the	 resistance	 of	 electrodes	 due	 to	 cleavage	 or	 recoil	 is	 also	 taking	 place.	 The	 relatively	 low	
degradation	 of	 figures	 points	 out	 that	 P3HT:PCBM	 OPVs	 are	 extraordinary	 robust	 to	 neutrons	
irradiation	if	compared	to	silicon-based	optoelectronics,	which	upon	exposure	to	neutrons	in	space	
suffer	 of	 a	 tenfold	 decrease	 of	 figures	 of	 merit	 and	 remain	 significantly	 radioactive	 for	 long	
	 195	
periods[24],	 [195].	 A	 massive	 employment	 of	 organic	 solar	 cells	 for	 spacecraft	 applications,	
considering	also	the	lightweight,	the	easy	and	cheap	manufacturing,	the	flexibility	and	the	large-
















devices	along	with	a	qualitative	description	of	 the	effects	on	 the	organic	materials	within	 these	
devices	because	of	the	conditions	imposed	by	the	TLP	test:	 i)	high-frequency;	 ii)	high-voltage.	As	
observed	in	the	experiments	 in	this	thesis	reported	regarding	the	OPVs	and	the	OLEDs,	 in	which	
metal	 lines	 are	 big	 enough	 to	 sustain	 very	 high	 current	 without	 damaging,	 whenever	 similar	
conditions	 apply,	 the	 TLP	 can	 be	 used	 as	 a	 tool	 to	 directly	 assess	 the	 behaviour	 of	 organic	
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